It is technically impractical for many clinical laboratories to use the direct immunofluorescence assay for identifying and serogrouping clinical isolates of Legionella. We compared the results obtained with the direct immunofluorescence assay with the results of a simple and less-demanding slide agglutination test for identifying 15 serogroups representing seven Legionella species. The slide agglutination test was in complete agreement with the direct immunofluorescence assay, and the serogroup to which 64 clinical isolates of Legionella belonged was correctly identified. With polyvalent, pooled antisera and absorbed, serogroupspecific antisera, the slide agglutination test is a useful alternative to the direct immunofluorescence assay in the diagnosis of Legionella infections and for studying the serological relationships of Legionella-like organisms.
It is technically impractical for many clinical laboratories to use the direct immunofluorescence assay for identifying and serogrouping clinical isolates of Legionella. We compared the results obtained with the direct immunofluorescence assay with the results of a simple and less-demanding slide agglutination test for identifying 15 serogroups representing seven Legionella species. The slide agglutination test was in complete agreement with the direct immunofluorescence assay, and the serogroup to which 64 clinical isolates of Legionella belonged was correctly identified. With polyvalent, pooled antisera and absorbed, serogroupspecific antisera, the slide agglutination test is a useful alternative to the direct immunofluorescence assay in the diagnosis of Legionella infections and for studying the serological relationships of Legionella-like organisms.
The direct immunofluorescence assay (DFA) is used to identify the species and serogroup of Legionella strains either in infected tissue of patients with legionellosis or in isolated cultures (7) . At present, the Centers for Disease Control (CDC) routinely tests specimens with DFA conjugates for six Legionella species: Legionella pneumophila serogroups 1 to 6 (5, 10, 14-16), Legionella bozemanii (4, 8) , Legionella dumoffii (4, 8) , Legionella gormanii (8, 17) , Legionella micdadei (11) , and Legionella longbeachae serogroups 1 and 2 (2, 13) . Although the number of conjugates required per test was reduced by using three polyvalent reagents that contain four conjugates each, the time and cost necessary to complete the identification are considerable and likely to be attempted only in reference laboratories or in laboratories of relatively large hospitals. Furthermore, the number of known Legionella species and serogroups has continued to increase. This in turn increases the diagnostic work load of even reference laboratories to an unacceptable level. For example, two new serogroups of L. pneumophila (1, 3) and three new species, Legionella jordanis (6), Legionella wadsworthii (9) , and Legionella oakridgensis (18), were recently described, and many other Legionella-like organisms (LLOs) have been isolated that do not react with currently used DFA conjugates. An alternative, less time-consuming test is clearly needed.
In previous studies (9, 20) , we showed that a slide agglutination test (SAT) with hyperimmune rabbit serum could be used to determine the serogroup of stock strains of L. pneumophila, L. 20 sites along the shaved back of each rabbit. After 31 days, they were injected with 2 ml of equal volumes of cell suspension and incomplete Freund adjuvant in two deep-muscle injections in the hind quarters. After 7 days, they were injected intramuscularly with 2 ml of cell suspension without adjuvant. After 7 days, 50 ml of blood were taken from the ear artery, and 1 ml of cell suspension was injected intravenously. Again, after 7 days, 50 ml of blood was withdrawn from the ear artery, and 1 ml of cell suspension was injected intravenously. The rabbits were exsanguinated 7 days later.
For the SAT, antiserum titers were determined with heated, formalinized antigens that were prepared with the stock strains for each homologous Legionella serogroup (Table 1 ; protocol described below). Twofold dilutions of antisera were made in PBS, pH 7.6. The serum titer was defined as the highest dilution which caused 4+ (strong) agglutination of homologous antigen within 30 sec. A working dilution, one twofold dilution lower than the serum titer, was prepared for each serogroup and tested against all of the Legionella antigens. If cross-reactions were observed, they were removed by absorption with the cross-reacting strain. The working dilutions of antisera were stored at 4°C where they were stable for at least 4 months. antigens has not been previously reported in DFA studies but was observed with the SAT. All cross-reactions were removed by absorption with the appropriate Legionella strain without removing homologous agglutination reactions. To determine whether polyvalent, pooled antisera could be used to conserve laboratory time and test reagents, four pools were prepared with unabsorbed antisera, each at a final dilution that had given optimal agglutination reactions before pooling. As shown in Table 3 , strong homologous agglutination and only the previously noted cross-reactions occurred with each polyvalent pooled reagent. These pools were then used to test 64 clinical isolates in the blind. Isolates that agglutinated with the polyvalent antisera were tested with the constituent monovalent antisera within each pool that gave a positive test result. Each strain showing multiple agglutination reactions was retested with absorbed antisera to identify the serogroup to which it belonged. As shown in Table 4 Ir. contrast to the DFA, the SAT is rapid, simple, and requires no sophisticated equipment or training to perform. If the antisera are sufficiently potent to give titers of at least 1:8, polyvalent pools can be prepared and used as screening reagents. Monovalent antisera can then be used to identify the serogroup of the isolate. However, if therapy is the same for all Legionella species, identification only to the genus level with polyvalent antisera may be sufficient for routine diagnosis. Monovalent antisera could then be conserved for epidemiological studies in which identification of serogroup-specific antigens is useful. Antigenic diversity to the serogroup level has been reported for two species: L. pneumophila (1, 3, 10, 14, 16) and L. longbeachae (2, 13) . Further antigenic diversity occurs within the L. pneumophila serogroups. Two major subgroups of L. pneumophila serogroup 1 have been reported in studies in which monoclonal antibodies were used (R. M. McKinney et al., personal communication). We detected the same antigenic patterns with the SAT. An antigen prepared with the Olda strain of L. pneumophila serogroup 1, which represents one of the monoclonal subgroups, gave weak agglutination reactions with antisera prepared with the Knoxville 1 antigen which represents a second monoclonal subgroup. Therefore, Olda strain antisera should be included either with or instead of Knoxville 1 antiserum, as the Olda serum reacts strongly with all L. pneumophila serogroup 1 isolates. Additional antigenic diversity within serogroups was shown by the fact that some strains within a single serogroup showed cross-reactions with heterologous antisera, and others within the same serogroup did not. Notable examples were seen in L. pneumophila serogroups 4, 5, and 8. Such patterns of cross-reactivity are reminiscent of those that occur among Salmonella 0 antigens. The lipopolysaccharide of Legionella species may also contain numerous antigenic determinants which contribute to various crossreactions with unabsorbed antisera. It is unlikely that flagellar antigens were also present in the SAT antigens, as the formalinized suspensions were heated in a boiling water bath to reduce nonspecific agglutination.
In summary, the SAT, like DFA, can be used to identify the species and serogroups of primary Legionella isolates. The SAT is specific, simple, and inexpensive. Preliminary studies have shown that the time required to perform the SAT could be further reduced by preparing suspensions of suspected Legionella colonies directly from BCYE plates. Since incorporating the test into our laboratory, two Legionella species originally isolated from environmental specimens were rapidly and specifically identified in cultures from human specimens: L. jordanis from lung tissue and a new species from sputum that stained with a conjugate prepared with the LLO strain WO-44C. The former isolate gave a positive DFA test result with the L. bozemanii conjugate which was prepared before L. jordanis was recognized. The latter organism has been epidemiologically linked to Pontiac fever (manuscript in preparation). To our knowledge, this is the first evidence that L. jordanis and strains of the same species as LLO strain WO-44C are etiological agents of human pneumonia.
